The development of efficient wearable antennas is required to implement short range body-centric wireless communication links for various internet of thing applications. We present simulation and measurement results of conductive-fiber-based wearable antennas which can comfortably fabricated directly on usual clothing materials. The proposed antenna is a form of a rectangular patch antenna designed by weaving conductive fibers on a felt substrate. A full-wave electromagnetic simulation tool is used to investigate the antenna performance such as antenna impedance, resonant frequency, and radiation efficiency. Parametric studies show that the radiation efficiency increases from 67.5% to 70.4% by widening the gap between conductive fibers from 0.25mm to 3mm. This implies a wearable antenna with good radiation efficiency can be designed despite of less portion of conductive fibers on the antenna. The simulation results are also verified by measured results with fabricated antennas. 
Introduction
Wearable electronics have gained a onsiderable attention both in academia and industry due to their potential for enabling seamless body-centric communication over a wireless link. It was forecasted that global shipments of wearable devices would reach 1.5 billion and related sales of more than 58 billion USD in 2018 [1] . Currently, many of them are released in the type of gadget such as watches and glasses, however, by 2030, the whole system is expected to be integrated on clothes (or on human body).
In this context, the development of wearable antennas is important to establish reliable wireless communications over the air. Based on the above material parameters, the dimensions of the antenna are carried out by the formulas for patch antenna design found in elsewhere [10] . More specifically, the width of the patch (  ) and ground (  ) are obtained by: and length extension ( ) due to the fringing effect must be obtained first. They can be calculated by:
Antenna Design
Finally,   and   are obtained by:
The final design parameters are listed in Table 1 .
They are all the same to the description above except The antenna is fed by a 50 ohm coaxial cable as in the inset of Fig. 1 . The tip of the inner conductor of the coaxial cable is immersed in the interlacing fibers. at the resonant frequency due to the relatively higher loss tangent of the substrate and lower conductivity of the fibers compared to conventional patch antennas.
Parametric Study of Gap Size
In this section, the antenna characteristics of the conductive fiber-based antenna is investigated by changing the gap size between the fibers (d in Fig. 1 ).
The dimensions of the patch and ground are the same with the previous section, while d varies from 0.5 mm to 2 mm with the interval of 0.25mm. 
Antenna Fabrication and Measurement
The conductive fiber-based antenna was fabricated over a felt substrate using silver-coated fibers (Liberator   TM   ) . Fig. 8(a) Table II compares 
Conclusion
This paper presented a simulation and measurement study of a conductive-fiber-based woven antenna. A rectangular patch antenna made of conductive fibers was carefully modelled in a full-wave simulation tool and its antenna characteristics were observed. It was interesting to observe that the radiation efficiency of a patch whose overall size is fixed can be improved by adjusting the gap between the conductive fibers. We expect this result can be used to carry out an optimized woven fiber antenna design with less conductive fibers, less fabricating efforts, and more flexibility.
